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LAMGIEY E-FOOT HIGH-SPEED TUNNEL
By Axel T. Mattson

SUKMARY

The results of tests made to determine the aero-
dynemic characteristics of & solid brake, s slotted brake,
and a dive-recovery flap mounted on a high-aspect-ratio
wing at high Mach numbers are presented. The data were
obtained in the Langley 8-foot high-spsed tunnel for cor-
rected Mach numbers up to 0.940. The results have been
analyzed with regard to the sultsbility of dive-control
- devices for a proposed high-speed airnlane in limiting

the airplane terminal Mach number by the use of dive
brakes and in achleving favorable dilve-rscovery charac-
terlstics by the use of s dive-rscovery flap. The
analysis of the results indicated that the slotted brake
would 1imit the proposed airplane terminsl ¥ach number
to values below 0.850 for altitudes up to 35,000 feet
and a wing loading of 80 pounds per square foot and the
dive-recovery flap would produce trim changes required
for controlled pull-ocuts at 25,00C feet for a HYach number
range from 0.800 to 0.900. Basic changes in spanwise
loadling are presented to aid in the evaluation of the
wing strength requirements.

INTRODUCTION

The investlgation presented was undertaken becauss
of the adverse compressibillity phenomena that affect the
longitudinal stability and control of high-speed airplanes
- and because of the vitalyneed for safety in dives at high
Mach numbers. The inve tion was conducted in the
Langley E-foot high-speed in order to obtalin data
- for use in evaluating the ae ég%g?mic characterlstics of
aive~control devices at high Kadl pers, The aerody-
namlc characteristics of a low-drap equipped with a
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2 : CONFIDENTIAL = NACA RM No, L(CH280

solid brake, a slotted brake, and a dive-recovery flap
for applicatlon as dlve-contrel devices are presented.
The dive brakes were investigated primarily to determine
their application as speed-limiting devices at high Mach
numbers. Some evaluation of thelr flight characterlstics
was also made. The dive-recovery flap was investigated
to determine its effectiveness 1in producing =a controlled
pull-out from a high-speed dive. o

The high-speed serodynamic characteristics, which
include the 1lift, span loadling, pltchlng moment, drag,
and wake widths for the hlgh-aspect-ratio wing have been
analyzed and are presented in reference 1. The data
presented herein include the same aerodynamic character-
1stics as affected by a solld breke, a slotted brake, and
a dive-recovery flap. Also included in the present inves-
tlgation ere increments in average downwash resulting
from the addition of g dive-recovery flap. Dsta for Mach
nuribers up to 0.940 are presented.

SYMBOLS AND COEFFICIEZNTS
a speed of sound in undlsturbed stream, feet per

second -

b span of model, feet (%.15)

e sectlon chord of model, feet

c! mean aerodynamic chord (0.37 ft)

M fach number in undisturbed stream (V/a)

P, statlc pressure in undisturbed stream, pounds per L

square foot

p local static pressure at a point on airfoil section,
pounds per squars foot

P = Py
P pressure coefflclent - q -

q undlsturbed~stream dynamlic pressure, pounds per

square foot (—QVZ)
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NACA RY¥ No. L6E28Gc CONFIDENTTIAL 3

area of complete model, square feet (1.10)

(0]

v velocity in undisturbed stream, feet per second

p 4 distance along chord from leading edge of section,
fest '
¥ distance along semispan from wing center llne, feet

a angle of attack, degrees

0 mass density in undisturbed stream, slugs per cubic
foot

MT eatimated terminal Hach number

R Reynolds number

A increment in downwash angle, degrses

1 angle of inclidence of stablllizer, degrees

AH lecss of total pressure between free stream and
station in wsaks

W/3 airplane wing loading, pounds per square foot
Subscripts:

er critical

L lower surface of sgirfoll section

U upper surface of airfoll section

The coefficlents are defined as follows:

cy sect;on normal~force coefficlent

1 c
Cn = _C-fo (P, - Py)d=
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m section piltching-moment coefficient about 25-percent-
chord station

Cp = ;:LEL/:(PU - PL-)(X - pex

C. wing normal-force coefficient

4

> Nb /2
CN = 5\/ ccndy
0
G wing pitching-moment coefficisnt sbout 25-percent-
e/t chord staticn : :
Om = 2. bb/zczé”dy . .
e/l T set Jg )

Cp wing profile-drag coefficient
o

b i .
°ng soction loadlng .

APPARATUS AND METHQODS

The Langley 8-foot high-spsed tunnel, in which the
tests were conducted, 1s of the single-return, closed-
throat type. The Mach number at the throat is continu-
ously controllable., The alr-stream turbulence in the
tunnel 18 small but glightly higher than 1in free alr. A
complete descriptlon of the basic model and tunnel setup
is given 1n reference 1 with the corrections for modsel
constriction, weke constriction, lift-vortex interference,
and model lnaccuraclies. All the data presented are for
corrected Mach numbers unless otherwilse spscified,

The high-aspect-ratlio wing used in thils investigation
1s the same wing used in the tests of reference 1 with
Give-control dsvices added. The wing has an NACa 65-210
section, an aspect ratlo of 9.0, a taper ratlo of 2.5:1.0,
no sweepback, twlast, or dihedral (referesnce 1). The
effective span of the model is 37.8 inches, the root
chord is 6 inches, and the tip chord is 2.l inches. The
model wing included 20 static-pressure orifices placed
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at each of elght stations along the span. The spanwilse
locations of the stations in percent of the semispan

sre 11, 20, 30, L3, 56, 6L, 80, and 95. The four inboard
statlons were placed on the left half of the wing and the
four outboard stations were placed on the right half of
the wing. The wing and the locations of the orifices are
shown in figure 1.

In the investigation two tTypes of dlve brake having
the same over-all dimensions and the same locabtlon were
mounted on the mcdel wing. (See fig. 2.) The solid
brake conslsted of a solid plate having a span approxi-
mately 20 percent of the wing semispan and a height the
same as the wing thickness (10 percent of the local wing
chord). The face of the slotted brake includes three
banks of four slots inclined 10° to the air stream. Each
slot was approximately 25 percent of the brake span and
10 percent of the brake height. (See fig. 3%.)

The dive brakses were located on both theée upper and -
lower surface of the model wing at 50 percent of the wing
chord. The dive brakes were located spanwise, symmetrical
about the wing center line; the center of the upper-
surface brake was located at approximstely 20 percént of
the wing semispan; and the center of the lower-surface
brake was located at approximately 12 percent of the wing
semispan. (See fig. li.) The unsymmetrical spanwise
location of the brakes was used because of a possible
installation in which the brsakes could be applied by
rotating In a plane normal to the chord line about a
common support. The inboard locatlion was necessary to
insure adequate model strength.

The dive-recovery flap was located on the lower sur-
face of the model wing. (See fig. 5.) The model flap
was of the wedge type with & chord 10 percent of the
local wing chord and a span 20 percent of the wing semi-
span. (See fig. 6.) The leading edge of the flap was
located at %30 percent of the wing chord and the center of
the flap was approximately 20 percent of the wing semis-
pan from the model center 1line. The flasp was
deflected 30° with reference to the wing chord line.
Pressure orilfices were installed on the dive-recovery
flap zt)corresponding wing statlons A, B, and C. (See
fig. 6. ' ; ‘

No force measurements were made during the tests.
All the 1ift and moment data were obtained from

CONFIDENTIAL



6 CONFIDENTIAL NACA RM No. L6R2Sc

integrations of the pressure-distribution measurements.
The pressures at the 16l orifices wers recorded simul-
taneously by photographing a multiple tube manometiler,
The pressure-distribution measurements were made for a
corrected Mach number range from 0.400 to 0.940. The
tunnel choked at an uncorrected Mach number of 0.945.

The brake configurations were tested at angles of
attaeck of 0°, 2°, L©, 7°, and 10° for Mach numbers
of 0.l00 and 0.600 and at angles of attack of 09, 2°
and |9 for the complete Mach number range. The dive-
recovery flaps were tested at angles of attack of -~2°,
009, 29, O, and 7° for the complsate Mach number rance.

The wake-survey drag measurements were mede 1nde-
pendently of the pressure mezsurements. These measure-
ments were made for uncorrsected Mach numbers of 0.1;00,
0.600, 0.725, 0.760, 0.8C0, 0.850, and 0.880. As
pointed out in refererice 1, the tunusl choked with the
wake«survey rake-support strut installed when the uncor-
rected Mach number in the region. of the model was 0.880,
A calibration of the tunnel with the wake-survey strut
in place indicated that the results are essentially
unaffected by ¢hoking effects up to the choking Mach
number of the wake-survey strut. (Ses reference 1l.)
Weke-survey measurements wers made abt six spanwlse sta-
tions 1.l root chords behind the 25-percent-chord line
of the wing. These stations were 11, 20, 26.5, 30.2,
33,3, ard .9 percent of the wing semispan from the
model-support plate, Wake-survey measurements for out-
board stations of 60, 80, 95, and 102 pesrcent semispan
were obtalned from the data of refersnce 1. These meas-

urements were made for the complete Mach number and angls-
of-attack ranges. 1In order to obtain weske-width measure-

ments at a typlcal tail location, wake surveys were made

at a station 2.82 root chords behind the 25-percent-chord

line of the wing, 5 inches from the support plate or

26.l. percent wing semispan. - _ ]
Downwash measurements were made at a station

2.87 root chords behind the 25-percent-chord line of the

wing for the wing with dive-recovery'flap and wing alone

and 26.l percent of the wing semispan from the support

plate., The measurements were made by a small callbrated

yaw head. The yaw-head measurements were made at a point

located 70 percent of the chord sbove the center line of

the tunnel. The measurementas were midde for a Mach number

range . from 0.4,00 to 0.880 at angles of attack of 0°, 29,
LO, and 7°. '
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The variation of model Reynolds number in the TLangley
8-foot high-speed tunnel, based on the mean aerodynamic
chord of the model wing (0.37 ft), as a function of test
Mach number 1s presented in figure 7. The varlatlion of
level-flight airplane 1ift coefficient wlth Mach number
for wing loadings of 60 and 380 pounds per square foot are
presented in figure 8. '

In order to ald in locating the various figures in
this report, a figure index has been prepared giving the
figure number, title, Mach number range, and angle-of-
attack range. (See table I.)

RESULTS

Pressure Distributlion and Span Loadings

Basic pressure distributions.- The baslc chordwise
pressure distributions for the solid brake, slotted brake,
and dive-recovery flap for spanwise statlons of 11, 20,
20, and i3 percent semispan for Hach numbers of approxi-
mately 0.600, 0.800, end 0.930 and angles of attack of 0°,
1,9, and 10° are presented in figures 9 to 20. These data
1llustrate the section chordwise loadlings that occur with
the application of the dive-control devices and the
appearance of conpressibility effects. The chordwise
pressure-distribution measurements for all spanwise sta-
tions have been integrated to determine the corresponding
section normal-force and moment coefficients, The span-
wise vaeriations in sectlon loadlng are presented in
figures 21 to 23. When compared with the results of
reference 1 figures 21 to 2% 1llustrate the changes in
aerodynamic forces along the span of the model caused
by the application of the dive-control devices for varla-
tions in angle of attack and lach number.

Normal force and pitching moments.- The spanwlse
variations in normal-force and pltching-moment coeffi-
cients were integrated along the wing semlspan for each
angle of attack and test Mach number to obtaln total wing
normal-force coefficlients and total pltching-moment coef-
ficients. The total wing piltching-moment coefficients
are based on the mean aerodynamic chord of the wing (0.37 ft)
and were calculated about a polnt located at 25 percent of
the chord. These normal-force and pitching-moment coeffi-
cients are presented for the solid brake, slotted breake,

CONFIDENTIAL
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and dive~recovery flap at each angle of attack plotted
against Mach number in figures 2L, 25, and 25, respec-
tively. The results for the model wing alone are pre-
sented in reference 1. ' ' '

The effects of the solid brake, slotted brake, and
dive-recovery flap on the static longitudinal stabllity
characteristics of the wing are shown in figure 27. The
varlation of dC,/da and d4Cp/da with Mach number for

an alrplane level-flight wing loading of 60 pounds per
square foot for the wing alone and For the wing with
solld brake, slotted brake, and dive-recovery flap are
presented in figures 28 and 29. Ir order to illustrate
further the effects of the dive-control devices on the
aerodynamic characteristics of the wing, the increments
in normal-force and moment coefficients due to the solid
brake, slotted brake, and dive-recovery flap are pre-
sented against Mach number in filgures 30 to 32.

Drag

Section wake surveys at five spanwise stations have
been reduced to total profile-drag ccefficients by use
of expressions including the effects of compressibility
similer to those presented 1n reference 1. These results
are presented for each dive-control configuration in
figures 3% to 35 for constant angles of attack through a
range of Mach number from 0.00 to’0.865. The wake-
survey measurements taken at stations 11.0 and 20.2 per-
cent of the wing semispan - that 1s, directly behirnd the
brakes - are subject to errors ilntroduced by diffilculty
in obtaining measurements of the extreme total-pressure
losses in the wake. The errors are believed to be a
small part of the total drag and become unimportant when
the total drag i1s used to estimate the terminal Mach num-
ber. The data and calculations presented are belleved
to be closely representative of the drag increases that
can be expected.

From the drag results obtalned sn estimated varia-
tion of airplane drag coefficient with Mach number for
the solid and slotted brakes at wing loadings of 60 and
80 pounds per square foot are presenmted in figures 36
and 37. In these figures the varlation of wing drag
coefficient for 0C angle of attack obtalned from results
presented in reference 1 are presented as a check on the
varlation of estimated airplane drag coefficient with
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Mach number obtalned from reference 2. The generalized
drag curve obtained from unpubllished data was extrapolated
up to a Mach number of 1.0 and the extrapolations are used
only to i1llustrate the high terminal Mach numbers to be
expected for this airplane with a wing loading of 60 and
80 pounds per square foot. The increments obtained for
the so0lld and slotted brakes were addsd to the estimated
alrplane varlation. From these data, the terminal Mach
number estimated for the complete airplane with and with-
out the solld and slotted brakes are presented in fig-
ures 38 and 39 for wing loadings of 60 and 80 pounds per
aquare foot for altitudes up to 35,000 feet,

Wake Profiles

Vertical varlations in total-pressure loss in the
wake AH/q were measured at a station representing a
typlcal horizontal-tasil locatlon and are presented for
the wing with the dive-control devices for varicus angles
of attack and Mach numbers in figures 0 to 2. This _
survey station is 2.82 root chords behind the 25-psercent-
chord line and 5 1lnches from the support plate
(26.u-percent wing semispan), which represents a possible
tail locatlion. All the wake dimensions are glven in
terms of the wing root chord. These results show the
wake width in the reglon of the tall and the wake spread
with increase in Mach number. :

Downwash and Estimated Stability

Changes in downwash for model conflgurations with
and without the dive-recovery flap were measured in a
region representing a typical horizontal-tail location.
These changes In downwash angles are representative of
changes in tail loads resulting from the action of the
dive-recovery flap. The variatlion in lincrements in down-
wash with Mach number for constant angles of attack are
presented in figure L3.

An estimaeted qualitative comparison of elevator-
fixed static longitudinal stabllity characteristics esti-
mated for a proposed high-speed airplane with dive-
recovery flaps is presented in figure ll.

CONFIDENTIAL
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DISCUSSION ’

Dlve-Brake Characteristics

The primary purpose of a dive brake 1s to limit the
termlinal Mach number of a high-specd airplane without
creating a serious stabllity problem, trim change, snd
flight hszard such as buffeting exclted by low-frequency
wake fluctuastions. The slotted brake was designed pri-
marily to decrease, with a minlmum loss in braking effec-
tlveness, some._of the serious effects usually assoclated
wlth a solld breke such as 1lift loss, moment changes, and
burfeting tendencies,

Drag.- A large incresse in wing profile drag resulted
from the application of the dive-control brakes. The
results presented 1llustrate the drag coefficients that
can be obtalned when air brakes are introduced in flow
flelds 1nduced by the wing and corresponding wing-
interference drag. (See figs. 33 and 3L.) The drag
variation with Mach number .for both the solid and slotted
brakes indlicated rapid. increases up:to the highest test
Mach number. The profile-drag coefficlent for the slotted
brake at a Mach number of 0.l and an angle of attack of 0°
1s approximately 30 percent lower than the corresponding
value obtained for the solid brake. ' The profile-drag
cosfficient for the slotted brake, hcwever, increases
more rapldly wilth Mach number so that for a Mach number
‘of 0.85 the slotted brake presents a reduction in profile-
drag coefficient of approximately 8 percent lower than ]
that of the total solid-brske drag.~  This greater rate in
drag 1ncrease with Mach number can be accounted for by a
choking condltion for the slotted brake; that 1s, a con-
stant mass flow through the brake slots, which with
increasing Mach number will effectively cause the slotted
brake to approach the characteristics of the solid brake,
The verlatlon of drag for the wing with dive brakes with
angle of attack indicates a decreass in profile-drag
coefflcient with increase in angle of attack. This varia-
tion 1s expected since at 0° angle of atteck the brakes
ere normal to the free-stream air-flow direction, whereas
with increases in wing angle of attack corresponding '
changes in brake angles occur. This change in brake
angle may be visualized as a decrease in effective brake
frontal area with increasing angles of attack.

CONFIDENTIAL
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Ystimated terminal Mach number.- The effectiveness
of the solld and slotted dlve brakes in limiting the
terminal Mach number of a high-speed alrplane for wing
loadings of 60 and 80 pounds per square foot has been
estimated by use of a generalized drag curve from refer-
ence 2 and the drag results presented herein. (See
figs. 36 to 39.) The estimated terminal Mach number for
the airplane with a wing loading of 60 pounds per square
foot at 25,000 feet altitude 1s sapproximately 0.950.

YJith the application of the slotted brake the estimated
terminal Mach number for these same conditlons is 0.695
and with the application of the solld brake, 0.675. A%
35,000 feet, the slotted breke will 1imit the estimated
terminal Mach nwaber to 0.805 and the solld brake will
limit the estimated terminal Mach number to approxi-
mately 0.795. For a wing loading of 30 pounds per square
foot and 35,000 feet altitude, which renresents the most
severe condition considered, the slotted brake will limit
the estimated terminal iach nuwmber to 0.880 and the solid
brake will 1limit the estimated terminal Mach number

to 0.870C.

Wake profiles.- The wake widths for the dive brakes
at a station approximating the probable tail location for
varicus angles of attack and Mach numbers are presented
in figures 4O and hl. The solld brake produces a broad
erratic wake that slightly lncreases 1n width with Mach
number. The width of the walke ranges from approximately
70 percent of the wing root chord below the wing chord
line to approximately 70 percent above the wing chord
line for 0° angle of attack. At an angle of attack of L°
and a Mach number of 0.883, the wake boundary for the
solid brske has increased to 1 wing chord above the wing
chord line. The slotted brake provides a decrease in
wake widths of approximately 20 percent compared with the
solid vreke. The wake boundaries for the glotted brake
do not seem to be as erratic as those indicated for the
solld brake, especially for the lower-surface bralre,
which suggests a possible reduction in magnitude of the
wake vorticity. At an angle of attack of 4° arnd a Mach
number of O;th, the wake boundary for the wing with the
slotted brake is approximately 80 percent of the wing
chord above the wing chord line as compared with 1 chord
length for the solid brake. The walze of the brakes 1if
located in front of the horizontal tail will envelop the
tail for a recommended tail location of 70 percent
above the wing chord (references 1 and 3).

. CONFIDENTIAL
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Normal force and pitching moments.- The variation
of normal-force and pitching-moment coefficients with

Mach number for the solid and slotted brakes are presented

in figures 2L and 25, respectively. ~ The variation of
normal-force coefficient with Mach number for the solid
brake below the force bresk for angles of attack of 0°
and 2° is small; howsver, & more rsepid increase is indi-
cated for the larger angles of sattack. At the haigher
Mach numbers, that is from 0.80U. to 0,900, there is a
decrease 1n normal-force coefficient and, consequently,
an lncrease in angle for zero 1lift.  Por the slotted
brake the variation of normal-force coefficient with Mach
number Indlcates a premature break in the nornal-force-
coefficient varilation occurring at g Mach number of
approximetely 0.600 for angles of attack of 0° and 2°.
(See fig., 25.) This premabture force bresk is not con-
sidered serious snd examination of the spanvise section
loadings indicates shifts that at the higher Hach numbers
move inboasrd towerd thse brake. (8ee fig, 22.) At the
higher Mach numbers, this shift in span loading increases
the section loading at a station approxzimetely 50 percont
of the wing semispan. It may be reasoned that, for a
Yech number range from 0.600 to G.760, a choking condi-
tion is occurring for the flow through the slotted brake,
which demands a readjustment of the flow over the wing.
Poyond a Mach number of approximately 0.800, tkhe usual
decrease in normal-force coefficisnt occurs; however, the
force break is not so severe as that encountered for the
wing alone in reference 1. (See figs. 2, and 25.) The
data also indicate an increase in normal force beyond a
Mach number of 0.900 for angles of attack of 0° and 2°,
The varlatlion of pitching-moment coefficients about the

wing 25-percent chord with Mach number for both the solid

and slotted brakes indicates no umisual characteristics
and both types of brake seemed to improve the wing-alone
variations. :

In order to evaluate nore completely the offects of
the dive brakes with regard to changes in wing character-
istics, the variation of increments in normal force snd
pltching moments produced by the dilve brakes with ifach
number 1s considered. These data are presented in fig-
ures %0 and %31. The results indicate a leoss in normal-
force coeffilcient for both the salid and slotted brakes;
however, a grsater loss i1s indlcated for tke solid brake.

Both the so0lld and slotted braké produce positive
increments In wing pitching-moment coefficlents. The

COMFIDENTIAL
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slotted brake, however, produces a slightly greater
incremsnt than the solid brake.

Stability.- The static longitudinal stability char-
acteristics for the wing with dive brales compared with
those for the wing alone are presented in figure 27. In
general, the wing alone (reference 1) tends to become
more stable with increases in Mach nuuber. For example,
et a Mach number of 0,00 for a normal-force-coefficient
range from 0.1 to 0., the wing slone is neutrally stable,
becoming slightly unstable at the larger normsl-force
ceefflicients. As the Mach number is increased, the wing
alone becomes Increasingly stable with larse lncreases
in stgbility occurring at a Mach number of 0,900. The
application of the solld and slotted brakes increases to
a small degree the stabllity of the wing except at high
Mach numbers. The wing stability varistions for both the
801id and slotted brakes are displaced tc a desirable
posltive or pull-out pitchlng-moment coeffilcient range,
which may be. indicative of a positive trim change.

Application to complete alrplane.- The wing static
longitudinal stability characteristics as defined by
normal-force and moment coefficients for the slotted
brake seem to be, in gensral, satisfactory with regard
to application at high Mach numbers, and the effective-
ness of the slotted brake in limiting the airplane ter-
minal Mach number compares favorably with that of the
solld brale.

It should be noted here that the inboard location
of the dive brakes investigabted was determlned by model
strength., Unpublished downwash measurement and fluctua-
tions made behind the brakes st a tall location recom-
mended in references 1 and 3 (70 percent above the wing
chord line) indicated erratic flow produced by the dive
brakes. Wake envelopment of the horizontal tall in the
racomrended location would be encountered., (Sece section
entitled "Wake profile".) These results indicate the
undesirgbllity of a brake locatlon in front of the hori-
zontal tail. An outboard location of the dive brakes is
recommended. It 1s believed that an outboard location
of the dive brakes would insure proper functioning of the
horizontal tall and increase the trim 1ift coefficient
for the airplane but an investigstion of a specific sir-
plane configuration will be necessary to determine these
effects, : -

CONPIDENTIAL
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Dive-Recovery-Flap Chsracteristics

Normal force and pitching moments.- The varilation
of normal-force coefficient for the dive-recovery flap
with Mach number indicates a rapid lncrease in normal-
force coefficient up to a Mach number of 0.800 for
00 angle of attack. The normal-force coefficlents
decreased rapidly with further increases in Mach number.
The piltching-moment coaffilcient for constant arngles of
attack have small or nearly constant variations for =a
Mech number range from 0.LL00 to approximately 0.650.
From & Mach number of O. 650 to 0.85C an increase in posi-
tive or pull-out moment is indlcated; however, at lMach
munbers from G.500 to 3.925 a slight decrease cccurs.

At the highest *ach number the pitching moments for all
angles of attack assume a positive roment coefficient.
(See fig. 26.) '

Increments in normal-force angd moment coefficients.-
The dive-recovery flap, the fundamerital purposes of which
are to 1lncrease wing 1ift and to produce favorable pull-
out moment changes at high Mach numbe”s, indicates an
increase in normal-force and positive mouent coefficlent
through most of the test Mach number rauge for angles of
attack of 00, 20, and [}, For angles of attack of 009, 20,
and AO the normal-force coeffilcient increment for the
dive-recovery flap increases rapidly with Mach number.
For an angle of attack of 0° at a Mach nuwber of 0,900
the increment in normal-force coefficient produced hy the
dlve-racovery flap is approxlmately 0.3. For the highest
test angle of attack - that is, 70 - a loss in normal-force
coefficient occurs for all Mach numbers., (See fig. 32.)

The basic chordwlse pressure distributions and sec-
tion loadings illustrate the varlations discussed. (See
figs. 17 to 20 and 23,) In general, the dlve-recovery
flap with 1ts forward-chord location (30 percent of wing
chord} increases the local pressures over the forward
part of the lower surface of the airfcll with separated
flow developoed behind the flap and a corresponding
decrease 1in pressures over the upper surface of the air -
foll. At low iach numbers this chordwise pressure dis-
tribution does not represent an increase in over-all 1lift
mainly because of the separated region induced behind the
flap, which tends to nulllfy the increased 1ift experienced
over the forward part of the alrfoll. The small increment
in normal force that occurs for s Mach numbser of 0.,,00 can
be seen in figure 32.
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With increases 1in MNach number, corresponding
increases in local velocitles distribute the chordwlse
pressures 8o that rapid increases in 1ift occur over the
forward part of the alrfoll with the effect of the sepa-
rated flow behind the flap tending to remain the same.

At 8 Mach number of approximately 0.929, however, the
regrward shift in upper-surface pressures seems to nullify
some of the important increase in 1ift produced by the
dive-recovery flap; a loss in flap effectiveness above a
tiach number of 0.900 is thus indicsted. (See figs. 17

and 20.) The changes 1n wilng moment produced by the dive-
recovery flap is apparent from these corresponding changes
in chordwise loading. The increased loading for the for-
ward nart of the airfoil, which increases with increase

in Mach number until the rearward shift in upper-surfacs
loading occurs, will increase the pull-out moment for most
conventional airplane contsr-of-gravity locations. The
effects of the dive-recovery flaps on the variation in
spanwise section loadings have been compared with the
wing alone for angles of attack of 0° and }°. (See .

fig. 23.) For a Mach number of 0.L,60 and an angle of
sttack of [0 the dive-recovery flap decreasss the section
loading; however, s 8lirht increase in section loading
occcurs outboard of the flap. ¥ith increase in Mach num-
ber the dlve-recovery flap Tor constant angle of attack
up to approximately !1© produces increases in section
loading over most of the span. : '

Stability.~ The wing with the dive-recovery flap
for a Mach number range up to 0.850 follows closely the
wing-alone static longitudinal stability variation, the
curve belng displaced to a positive moment directilon.
(see filg. 27.) For ¥ach numbers of (C.900 and 0.925, how-
ever, the wing and dive-recovery flap become slightly
unstable with some decrease in the positive moment. AL
the higher normsl-force c¢oefficients and Mach numbers,

a large increase in stabllity occurs. The effects of |
the stability changes for the dive-recovery flap will he
discussed further by use of downwash measurements and
unpublished tail characteristics to estimate over-all
alrplane static longltudinal stabllity characteristics
at high Mech numbers,

Downwash.- The dive-recovery flap produces slight
decrease in downwash, from a Mach number of 0.400 to
approximately 0.750. At a Mach musber of 0.800 to a Mach
number of 0.590 for angles of attack of 0°, 29, and 4© a
rapld increase in downwash occurs. (See fig. [13.) For
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00 angle of attack at a Mach number of 0.300 the downwash
increment produced is essentially 0°; however, at a Mach
number of 0.890 the downwash increment has increased to
approximately L,°. The large increase in downwash due to
the dlve-recovery flap will produce & large pull-out
moment for this range of Mach number. At an angle of
attack of 7° the dive-recovery flap does not contribute
to an increased downwash but shows a decrease in downwash
of approximately 1° at a Mach number of 0.850. (See

fig. EB.) These downwash measurements were made at a
station corresponding to 25.8 perzent of the semlspan.
Examinatlion of spanwise variation in section normal force
for the dlve-recovery flap compared wlth the wing slonse
(fig. 23) shows that the variation in section lozsding at
the 25.d~percent station with Mach number agrses quali-
tatively with the measured increment in downwash.

Application to complete airnlane.- The general aero-

dynamic merits of the dive-recovery flap with regard to
wing alone have been discussed; nowever, further analysils
is needed to evaluate more iompletely the effectiveness
of the dive-recovery flap in producing desirable airplane
pull-out characteristics. By use of the wing results of
reference 1, downwash measurements, unpublished tall char-
acteristics, and the results presented herein, the longi-
tudinal stabllity and trim changes were calculated for
the alrplane with and without the dive-recovery flap for
Mach numbers of 0.8¢0, 0.825, 0.850, and 0.390. (See
fig. Lli.) These calculaticns are not considered quanti-
tatlvely exact; however, they illustrate the over-all
elevator-fixed statlic longitudlinal stabillty character-
istics and trim changes that may bs encountered with the
application of the dive-recovesry flap. These calculations
indicate that a rather large decrease in trim 1ift coef-
ficient will occur for the airplane without the divs-
recovery flap for a Mach number 1incremse from 0.300

to 0.890. The application of the dive-recovery flap,
however, produces an Increase in trim with elevator fixed
for a Mach number of 0.800 and a similar but slightly
greater increase in trim 1ift coefficlent for a Mach num-~
ber of 0.890. These calculations represent a stick-rixed
trim change that, for a w.ng loading of 60 pounds ner
square foot at 25,000 feet at Mach numbers of 0.800

and 0.890, will correspond to approximasely a 3.6g pull-
out; however, at lower altlitudes the. rorinal acceleration
wlll be somewhat greater. (See figs. & and l)j.) From
the results and calculations of the present paper the
dive-recovery flap investigated may be concluded to
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provide satisfactory pull-outs for an alrplane confligura-
tion in the range of Mach number from 0.600 to 0.900.

Wake profiles.- The dive-recovery flap produces a
wake approximately 1 chord 1n width displaced below the
wing chord line. At a Mach number of 0.8567 and an angle
of attack of ho, the flap upper-wake boundary is approxli-
mately 50 percent of the wing chord above the chord line;
however, at this point a wake loss (AH/q of approx. 0.0ﬁ)
was measured that is believed to be introduced by an
upper-surface shock disturbance. This disturbance 1is
apparent for all angles of attack and, for an angle of
attack of }4° at a Mach number of 0.8387, extends to 10 per-
cent of the wing chord sbove the wing chord. (See fig. 42.)
The armplitude and fluctuations in the wake produced by
this indicated shodk disturbance should not be serlous
and is similar to thsat analyzed in referencs 2,which may
give an.indication of the structural stiffness needed for
the fuselage and tail design.

Drag.- The varlation of drag coefficient with lNach
nwmber for- the dive-recovery flap indicatss a large
increase in wing profile drag from a Kach number of 0.750
to the highest Mach number tested. At a Mach number
of 0.850 for an angle of attack of L°, the dive-recovery
flap represents an incrsase of approxlimately 59 percent
of the wing-alone drag. (3ee reference 1 and fig. 35.)

CONCLUDING REMARKS

The present investigatilion of simlilar solid and
slotted dive brakes mounted on a model of a high-sspect-
ratlo wing has shown that the slotted brakes are slightly
less effective than the solid brakes in limiting the ter-
minal Mach number of a proposed high-speed bomber. The
slotted brake was estimated to limit an alirplane terminal
Mach number to values below 0.880 for altitudes up to
35,000 feet and wing loadings up to 80 pounds per square
foot:s The slotted brake decreased slightly the serious
effects usually assoclated with a solid brale such as
11ft loss, wing moment changes, and wake fluctuations.

It i1s recommended that the slotted brake be located out-
board on the wing to prevent wake envelcpment of the
horizontal tail.
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A dlvee~recovery flap of the same relative dlmensions
and location investigated herein installed on a high=
speed airplane should produce trim changes required for
rulleouts at 25,000 feet for e Mach number range from 0,300
to 0,900,

Lengley Memorial Aeronautical Leboratory
National Advisory Commlttee for Aeronsutics
Langley Fleld, Va.
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Range
Plgure Title Angle of
! Mach number attack
I (deg)
Model detaills
i ;
1 Pressure-orifice loca- |

tions on 65-210 wing|--~-=—eeeaoo--

S0lid and slotted dive
brakes mounted cn
wing in Langley
8-foot high-speed
tunnel === jeeemmmmmamm——ea

Slotted d4ive brakes —— - ———

Solld and slotted dilve
brakes at 50-percent-
chord location on
65-210 wing = = |m—m-—mmmem—meno

Dive-recovery flap
mounted on wing |eeem-mmmmme—eao

Location of 30°
édive-recovery flap
at 30-percent-chord
location on lower
surface of
65-210 wing = |ee——mmmmmeoeoo

—— i e G e e .

Reynolds number

Variation of test
Reynolds number with
Mach number 0.1L.00 to 0.875

Tevel-flight 1ift

Variation of level-
flight 1ift coef-
ficlent with Mach
number |o.uoo to 0.900
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TABIE I.- INDEX OF FIGURES - Continued

Figure

Title

“Range

Mach number

-

Angle of
attack
(deg)

Pressure dlstrloution

10

11

12

13

15

Pressure distrlbution
at the ll-percent-
semispan statlion for
wing with solid
brake

Pressure dletribution
at the 20-percent-
gemlispan station for
wing with solid
brake '

Pressure dlstribution
at the 30-percent-
semispan station for
wlng with solid
brake

Pressure dlstribution
at the L 3-percent-
semispan station for
wing with solid
brsaks '

Pressure distribution
at the ll-percent-
semlspan station Tor
wing with slotted
brake

Pressure dlstribution
at the 20-percent-
semispan statlon for
wing with slotted
brake

Pressure dlstribution
at the 30-percent-
gsemlspan station for
wing with slotted
brake

0.600 to 0.925

0 to 10.0
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TABLE I.- IND=EX OF FIGURES - Continued

Flgure

Range

Title ¥ach number

Angls of
attack
(dsg)

Pressure distribution - Continued

16

17

18

19

20

Pressure distribution E
at the L 3-percent-
semlspan station for
wing with slotted
brake 0.600 to 0.9251

Pressure distribution | }
at the ll-percent- | :
semispan station for ;
wing with dive-
recovery flap

Preagsure distribution
at the 20-percent-
semispan station for
wing with dlve-
recovery rIlap

Pressure distrlibution
at the 30-percent-
semispan statlon for
wing with dive- ;
recovery flap i

Pressure distribution
at the L3-percent-
semispan station for
wing with dive-
recovery flap ) N/

0 to 10.0

0 to 4.0

Spanwise sectlon loading

21

Spanwlse varlatlon in l
section loading for
wing with solid

brake ~ 10.400 to 0.90

0 to 10.0
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TABLE I.- INDEX OF FIGURES - Continued

Figure

Title

Range

Mach number

Angle of
_attack
(deg)

Spanwlise section loading - Continued

22

23

Spanwise varlation in
section loading for
wing with slotted
brake

Spanwise variastion in
section loading for
wing with dive-
recovery flap

0.44060 to 0,937

6.uoo:to 0.929

0 to 10.0

-2,0 to 7.0

25

Normal force and pitching moments

Variatlion of normal-
force and pitching-
moment coefflclents
wlth Mach number
wing with solid
brake

Varilation of normal-
force and pltching-~
moment coefflclents

with Mach number for

wing with slotted
brake

Variation of normal-
force and pltching-
moment coeflficlents

with Mach number for:.

wing with dive-
recovery flap

for

0.4.00 to 0.925

0 to 10.0

-2.0 to 7.0

Stability

27

Stability characteris-

tlecs for wvarlous

model confilgurations

0.4.00 to 0,925

-2,0 to 10.0
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TABIE I.-~ INDEX OF FIGURES - Continued

29

coefficient curve
for a loading of

60 pounds per square

foot at an altitude
of 35,000 feet

Slope of pitching-

moment-coefficient
curve for a

loading of 60 pounds

per aguare foot at
an altltude of
35,000 feet

0.100 to 0.925

TN

Range
Angle of
™
Flgure Title Mach number attack
(deg)
Normal-force and pltching-moment slopes
28 Slope of normal-force-

Normal-force and pitching-moment increments

30

Varlation of incre-

mental normal-force
and pitching-moment
ccefficients with
fach nuwnber for
solid brake

Varliation of incre=-

mental normesl-force
and pitching-moment
cocfficlents with
}ach number for
slotted brakes

Varistion of incre-

mental normal-force
and piltching-moment
coefficients with
Mach number for -
dive-«recovery flap

i
0.:00 to 0.225

0 to 1C.0
l

0 to 7.0
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TABILE I.- INDEX OF FIGURES - Continued

Figure

Range

Angle of
Mach number attack
(deg)

Title

Proflle drag

3L

Varlation of profile-~
drag coefficient _
with Mach number for
wing with solld
brake - : 0.400 to 0.865| 0 to 10.0

Variation of profile-
drag coefficlent
with Mach number for
wing with slotted ,
brake 0.l,00 to 0.860

Varlatlon of profile-
dreag coefflclsent
with Mach number for _
wing with dive-
recovery flap 0.,00 to 0.850{-2.0 to .0

Terminsl Mach number

36

37

Estlmated variation of
alrplans drag coef-
ficlent with Mach
number for terminal
Mach number predic-
tion for airplane
wing loading of
60 pounds per square
foot at wvarilous _
altitudes 0.1,00 to 0,900 ~—mmmememm -

Estlimated variation of
alrplans drag coef-
ficlent wilth Mach
number for terminal
Mach number predic-
tion for airplans
wing loading of
80 pounds per squere
foot at wvarlous
altitudes S A e —
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TABLE I.- INDEX OF FIGURES - Ccntinued

Figure

Range

Title

Mach number

Angle of
attack
(deg)

Terminel Mach number - Continued

38

39

Estimated variation of
tzrwinal Mach number
w1t altitude for wing
loading of 60 pounds
per square foot

Estimated veriation of
terrinal ¥ach number
vith altitude for wing
loading of 80 pounds

per square foot E

0.l100 to ©.900
|

NS

|
E
|

Wake profiles

Lo

L1

‘Wake profiles for '

several M¥ach nunbers
2.82 root chords
behind the 25-percent
chord line for wing
with solid brake

Wake profiles for
several Mach numbers
2.82 root chords
tehind the 25-percent
chord line for wing
with slotted brske

:ake profilss for
several Mach numbers
2.82 root chords
behind the 25-percent
chord line for wing
with dive-recovery

flap

0.700 to 0.883

0.760 to 0.88L

0.760 to 0.887

0 to 4.0
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TABLE I.- INDEX OF FIGURES -~ Concluded

Range
M . Angle of

Flgure ritle Mach number attack

_ _ (aes)

Downwash

L3 Variation of change in

downwash angle with

Mach number for the

dive-recovery flap

measured 70 percent

of chord above the

center line 0.1L00 to 0.900] O to 7.0

mstimated comparative stabllity

nn Estimated comparison
o of elevator-fixed
static longitudinal
stabllity character-
istics for complete

recovery flap 0.8 t0 0.89 | —-mmcnmacnnna
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NACA RM No. L6H28c Fig. 2a,b
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‘(a) Solid brake.

{b) Slotted brake.

"Figure 2.- Solid and slotted dive brakes mounted on wing in
Langley 8-foot high-speed tunnel. .
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